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WHAT IS CLAIMED IS: 




6f 5 or more samp, 
a substrate 



1. ArV apparatus for characterizing one or more material properties for each 
es, comprising: 

laving 5 or more sensors disposed thereon to form a sensor array, 
wherein each sensor is associated with one of said 5 or more samples and characterizes at 
least one material property of its associated sample; 

an interconnection device electrically coupled with the sensor array; and 
an electron!: platform that sends signals to and receives signals from said sensor 
10 array via said interconnection device, wherein the signals received by said electronic 
platform corresponcj^o^aid at least one material property. 



2. An apparatus for characterizing one or more material properties for each 
of 5 or more samples*, comprising: 
15 a substrate having 5 or more sensors disposed thereon to form a sensor array, 

wherein each sensor islassociated with one of said 5 or more samples and characterizes at 
least one material property of its associated sample; 
a circuit board coupled to said sensor array; 

a signal routing rneans coupled to said sensor array via said circuit board; and 
20 an electronic platform that sends signals to and receives signals from said sensor 

array via said signal routing means, wherein said signal routing means selectively couples 
a sensor or a group of sensd -s in said sensor array to said electronic platform, and 
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* ^ yherein the sdgnals received by said electronic platform correspond to said at least one 
material property. 



3. An apparatus for characterizing one or more material properties for each 
of 5 or more san^ples, comprising: 

a substratfe having 5 or more sensors disposed thereon to form a sensor array, 
wherein each sensor is associated with one of said 5 or more samples and characterizes at 
least one material property of its associated sample; 

a circuit board coupled to said sensor array via a connector, said circuit board 
10 having a signal ro iting means disposed thereon; 



an electroii|cpratform that sends signals to and receives signals from said sensor 
id signal 



array via said signal ro 



4. 



An 



^ngjp^ans, wherein said signal routing means on said circuit 
board selectivelysQ jyples a sensor or a group of sensors in said sensor array to said 
electronic platform! and wherein the signals received by said electronic platform 
15 correspond to at least one material property. 



apparatus for characterizing one or more material properties for each 
of 5 or more samples, comprising: 

a substrate having 5 or more sensors disposed thereon to form a sensor array, 
20 wherein each sensor as associated with one of said 5 or more samples and characterizes at 
least one material property of its associated sample; 
a circuit board! including: 
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Vj\ / a signal routing means; and 



electronic test circuitry for sending signals to and receiving signals from 
said sensor array via said signal routing means, wherein the signals received by 



said electronic 
in the materials 
board selective 



electronic test circuitry; and 



est circuitry correspond to said at least one property of a material 
library, and wherein said signal routing means on said circuit 
y couples a sensor or a group of sensor in said sensor array to said 



a computer coup 



ed to said circuit board for controlling said signal routing means 



An appan 



and said electronic test circuitry, receiving signals generated by said electronic test 
10 circuitry, and generating d^ta corresponding to at least one material property. 



comprising: 

a circuit board inc 




forpKaracterizing material properties in a materials library, 



uding: 



a plurality of sensors disposed on said circuit board to form a sensor array, 
wherein each sensor in said sensor array measures at least one property of a 
material in the materials library; 

a signal routing means; and 

electronic testl circuitry for sending signals to and receiving signals from 
said sensor array, wh&rein the signals received by said electronic test circuitry 
correspond to said at least one property of a material in the materials library; and 
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/ a computer for controlling said plurality of sensors and said electronic test 

r V \ 

J circuitry, receiving signals generated by said electronic test circuitry, and generating data 
corresponding to\said at least one property of a material in the materials library. 



6. An apparatus for characterizing material properties in a materials library, 
comprising: 

a circuit boatd including: 

^pluij^lity of sensors deposed on a substrate mounted on said circuit 
boarcj/to for$i\a sensor array, wherein each sensor in said sensor array measures at 
10 least[ one prio^Uj^erfa material in the materials library; and 

a signal^ routing means to route signals to and from said plurality of 
sensors; 

electronic test cikuitry for sending signals to and receiving signals from said 
sensor array, wherein the\signals received by said electronic test circuitry correspond to 
15 said at least one property of a material in the materials library, and 

a computer for controlling said plurality of sensors and said electronic test 
circuitry, receiving signals generated by said electronic test circuitry, and generating data 
corresponding to said at least &ne property of a material in the materials library. 



20 7. The apparatus of c^aim 1, ^f^4, 5 or 6, wherein the property 

characterized by said sensors in said^n^or/arrSyls a thermal property. 



96 



10 




Attorney Docket- 65304-039 (SYMYX 98-23) 

8. The apparatus of claim 7, wherein the thermal property characterized by 
} said sensor array is at lpast one selected from the group consisting of heat capacity, 

thermal conductivity, ahd thermal stability. 

9. The apparatus of claim 7, wherein at least one sensor in said sensor array 
comprises: 

a microtjiin flpn nfeirfSrane supported by said substrate such that said sensor array 
is an array of nij^pfhin fil^m windows; and 

a heater/thermomeder pattern disposed on said microthin film membrane. 



10. The apparatus of claim 9, wherein said microthin film membrane forming 
said sensors is a silicon nitride membrane, and wherein said substrate supporting said 
silicon nitride membranes in said sensor array is a silicon wafer. 



15 



1 1 . The apparatus of claim 7, wherein at least one sensor in said sensor array 




strate such that said sensor array 



comprises: 

a microthin film membrane supported by j 
is an array of microthin film windows; 

a first wire disposed on said micro^ 
20 heater and a first thermometer; and 

a second wire spaced apart from said first wire and disposed on said substrate, 
said second wire acting as a second thermometer. 



brane^smd first wire acting as a 
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12. The apparatus of claim 1 1, wherein saj$*microthin film membrane 
■forming said sensors is a silicon nitride membi^lfe, and wherein said substrate supporting 
said silicon nitride membran^sin said sensor array is a silicon wafer. 

13. The apparatus cf claim 7, wherein said substrate is made of a polymer 
sheet, and whereir^gmd sensor array includes a plurality of heater/thermometers disposed 
on said polyprter sheet. 



aii^l3, 



14. The apparatus of claim 13, wherein said polymer sheet is a polyimide. 




*7« 



The app iratus of claim 13, wherein said heater/thermometer is printed on 



said polymer sheet via lithography 



15 16. The apparatus of claim 7, wherein said substrate is made of a poor thermal 

conducting material that! ^s a$east/00 microns thick, and wherein said sensor array 
includes a plurality of he^te£/thermometers disposed on said material. 



17. The apparatus of claim 16, wherein said heater/thermometer is printed on 
20 a glass plate via lithography. 
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18. The apparatus of claim V^jytferein^sdth^ensor array includes a plurality of 
thermometers disposed on a top stffface of said ^ubsf nh©r-anrfwherein said substrate 
includes a large area he^t^disposed on a bottom surface of said substrate. 




9. The apparatus of claim 18, wherein sam substrate is made of a polymer 



20. The apparatus o£^aiim7, wh/erein said substrate is made from a material 
having poor thermal con^tivitAanjfi is placed on a heater block, and wherein said 
10 sensor array included plurality of temperature sensors disposed on the substrate such 
■ that a temperature difference between a first portion and a second portion of the substrate 
can be determined. 



J*. 



21. The apparatus oX^aim 20, wherein said substrate is a glass plate. 



22. The apparatus of claim /, wherein at least one sensor in said sensor array 



comprises: 

a sample support with a^tfiermal 
a gap between said sample su 
20 sample support from saja substrate; and 

a plurality of bridges connecting said sample support to said substrate over said 




ent pattern disposed thereon; 

for thermally isolating said 



gap. 
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23. The apparatus of claim 1, 2, 3, 4, 5 or 6 wherein the property characterized 
"^^Bysaid sensor arrajris a complex dielectric constant. 

24. The apparatyfcyof claim 23, wherein at least one sensor in said sensor array 
5 comprises interdigitated electees ^p° se d on said substrate. 



10 



15 



25. The apparatus of claims y 22, wherein at least one sensor in said sensor array 
further comprises a thernWneter such that said sensor can conduct a dielectric constant 
measurement and a thermal measurement sirh^U t aneously. 



/ 



26. The apparatus of claim 1, 2, 3, 4, 5 or^6wbferein the property characterized 
by said sensor array is an electrical transport proj 




27. The apparatus pi claim 26, wherein the electrical transport property 
characterized by said serf^r/^ay is at least one selected from the group of electrical 
resistance, Hall coefficienCmagnetoresistance, thermoelectric power, and current- voltage 
characteristics. 




28. The apparatus of claim 26, wherein at least one sensor on the sensor array 

/ 

20 comprises a plurality of electrical leads disposed on the substrate, said leads on said 
sensor contacting a plurality of locations on said material sample. 



7 



100 



Attorney DocklWb. 65304-039 (SYMYX 98-23) 
Express Mail Label No.EJ314820088US 



29. The apparatus of claim 28, wherein said leads are deposited/on said 
substrate, and wherein said material samples in said materials library ^e deposited on top 
of said leads. 

5 30. The apparatus of claim 28, wherein said ma^rial samples in said materials 

library are deposited on said substrate, and wherein saicj/leads are deposited on top of said 
samples. 

31. The apparatus of claim 26, further comprising means for generating a 
10 magnetic field pointing perpendicular/(o saia substra 

32. The apparatus of cltofrel, wherein said generating means comprises a 
magnet that generates a magnetic field over the pitire /erVsor arraj 

15 33. The apparatus ofi^claim 31, wherein said generating means comprises a 

magnet array having a plurality of magnets arranged in the same format as said sensors in 
said sensor array, wherein /ach magnet in said magnet array corresponds with a sensor in 
said sensor array to gene/ate a magnetic field over the corresponding sensor. 



20 34. The apparatus of claim 26, further comprising means for imposing a 

temperature gradient across said samples in said sensor array. 
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35. The apparatus of claim 26, wherein said sensors in said sensor array 
further measure temperature, and wherein said apparatus further conrfprises a plurality of 
temperature controlled elements to impose a temperature gradient across at least one 
sample in said sensor array 

36. The apparatus of claim 1, 2, 3, 4, 5 or & wherein the property 
characterized by said sensors in said sensor array ip at least one selected from the group 
consisting of viscosity, density, conductivity, molecular weight, chemical concentration, 
capacitance, dielectric constant, mass lo^M, elasticity, damping, tensile strength, yield 



strength, ductility, toughness, hardness ar 



liagnetism. 



37. The apparatus of claim 36, wh 
from the group consisting of resonators, osi 




least one selected 



ators. 



38. The apparatus/of claim 36, wherein at least one sensor in said sensor array 
comprises interdigitated electrodes disposed on said substrate. 

39. The apparatus of claim 36, wherein at least one sensor in said sensor array 
comprises: 

a mechani'cal resonator formed on said substrate; and 
a piezoelectric material deposited on top of said sensor to form an acoustic wave 
sensing electrode. 
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40. The apparatus of claim 39, wherein said acoustic wa/e sensing electrode is 
operable in at least one of a surface acoustic wave resonance njtffde, a thickness shear 
mode, and a flexural plate wave resonance mode. 

41. The apparatus of claim 39, wherein s*ud acoustic wave sensing electrode 
acts as both a mechanical resonator and a materials characterization device. 



FU 
□ 



■=?=? 



42. The apparatus of claim 1, J, 3, 4, 5 or 6 wherein the property characterized 
10 by said sensors in said sensor arraj^is 

43. The apparatus ofyClaim 42, whe/ein ^ie sensor in th^sensor array 
comprises a Hall effect senso^ 



15 




44. The apparatus of claim 42, wherein the sensor in the sensor array 
comprises a cantilever^ensor such that a deflection amount of said cantilever sensor 
corresponds with the magnetic property of the sample. 



45. yrhe apparatus of claim 44, wherein the cantilever sensor is part of a 
20 capacitor such that a deflection amount of said cantilever sensor is detected by a 
z/cl 



capacitance change. 
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46. The apparatus of claim 44, wherein the cantilever sensor is attached to a 
piezoresistor such that a deflection amount of said cantilever sensor/fs detected by a 
change in a resistance value of the piezoresistor. 

5 47. The apparatus of claim 1, 2, 3, 4, 5 or 6/wherein said sensor array can 

characterize at least two material properties on thej^ame array. 



48. The apparatus of claim 47, wherein said sensor array includes at least a 
first sensor for characterizing a first material property and a second sensor for 
10 characterizing a second material rfr^jferty. 



15 



49. The apparatus pi claim 47, jwhejpin at least one sensor in said sensor array 
characterizes more than one material proper 

50. The apparatus of claim 1, 2, 3, 4, 5 or 6, wherein said 5 or more sensors in 



ie^j 



said sensor array are arranged in a format compatible with combinatorial chemistry 



instrumentation 



5/. The apparatus of claim 50, wherein said sensor array is an 8x8 array with 
20 a 0.25/pitch. 
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52. The apparatus of claim 50, wherein said sensor array is j^8xl2 array with 
a 9mm pitch. 

53. The apparatus of claim 50, wherein said sensor array is a 16x24 array. 

54. The apparatus of claim 50, whereiiysaid sensors in said sensor array are 
disposed on said substrate in a planar arrangement. 

55. The apparatus of claim 50>, wherein said sensors in said sensor array are 



10 attached to said substrate via a p. 
extending generally perpendic/ila 



56. The apparatus of claims 1, 
in said sensor array are arranged in a geometric shape. 



ty of sensor plajps-t^isposed in an array format and 
from said sribstrate. 




said plurality of sensors 



57. The'apparatus of claim 56, wherein said geometric shape is a closed shape 
having straight sides. 



58/ The apparatus of claim 56, wherein said geometric shape is a closed shape 
20 having wrved sides. 
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59. The apparatus of claim 56, wherein said geometric shape inclosed shape 
having both straight and curved sides. 

60. The apparatus of claim 56, wherein said gec^ietric shape is an open shape 
5 having straight sides. 

61. The apparatus of claim 56, wherein said geometric shape is an open shape 
having curved sides. 

10 62. The apparatus ofx^tfm 56, wherein said geometric shape is an open shape 

having both straight and cur 



sensors. 



15 




63. The apparatus of clai 



array contains at least 48 



64. The apparatus of claim 56, wherein said sensor array contains at least 96 



sensors. 



20 sens< 



,65. The apparatus of claim 56, wherein said sensor array contains at least 128 
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66. The apparatus of claim 56, wherein said sensor array contains between 5 
and 400 sensors. 

67. The apparatus of claim 1, further comprising/a plurality of contact pads 
associated with each sensor on said sensor array, wher^m each contact pad is disposed 
next to its associated sensor, and wherein said standardized interconnection device 
includes a circuit board that is electrically coupjed with said sensor array via said contact 
pads. 



68. The apparatus of cl^ 
interconnection device and sai 



67, whereiri^aid circuit board in said standardized 
or array/jjfe cplfpled together yra a connector, said 




inducting elastomeric 



connector being one selected f^brpf the group*a)nsisti? 

/ 

connectors, conducting adhesives, cantilever probes, stick probes, wafer-to-board 
bonding, solder bump banding, wire bonding, spring loaded contacts, soldering, and 
direct pressure connection between contact pads. 



69. The apparatus of claim 1, further comprising a plurality of contact pads 

/ 

associated with each sensor on said sensor array, wherein each contact pad is disposed at 

i 

an edge of said sensor array, and wherein said standardized interconnection device 
includes/ circuit board that is electrically coupled with said sensor array via said contact 
pads.. 
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70. The apparatus of claim 69, wherein said circuit board and said sensor 
array are coupled through one selected from the group consisting conducting elastomeric 
connectors, conducting adhesives, cantilever probes, stick probes/ wafer-to-board 
bonding, solder bump bonding, wire bonding, spring loaded ^ontacts, soldering, and 
direct pressure connection between contact pads. 

71. The apparatus of claim 2, 3, 4, 5 on6, further comprising a plurality of 
contact pads associated with each sensor on sajfl sensor array, wherein each contact pad 
is disposed next to its associated sensor. 



72. The apparatus of claim 71, wherein said circuit board and said sensor 

/i/ / /I 

array are coupled together via a corinector^id/onrjector being one selected from the 



group consisting of conductin 



elastomeric connectors, conducting adhesives, cantilever 




onding, wire bonding, spring 



probes, stick probes, wafer-to-board boncjfng/solden 

loaded contacts, soldering^nd direct pressure connection between contact pads. 



73. The apparatus of claim 2, 3, 4, 5 or 6, further comprising a plurality of 
contact pads associated with each sensor on said sensor array, wherein each contact pad 

/ 

is disposed at an edge of said sensor array. 



74/ The apparatus of claim 73, wherein said circuit board and said sensor 
array ate coupled together via a connector, said connector being one selected from the 
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group consisting of conducting elastomeric connectors, conducting adftesives, cantilever 
probes, stick probes, wafer-to-board bonding, solder bump bonding, wire bonding, spring 
loaded contacts, soldering, and direct pressure connection between contact pads. 



75. The apparatus of claim 1, wherein said Standardized interconnection 
device includes: 

a circuit board; 

connectors for coupling said circuit board to said sensor array; 

/ 

a signal routing means for selectively coupling a sensor or a group of sensors in 
said sensor array to said electronic platform; 

a first link for connectingAsaid circuit board to said signal routing means; and 



a second link for connecting said signal ratffJhg means to said electronic platform 



76. The apparatus of claim 75 
links is a multi-wire cable. 




ne of said first and second 



77. The4pparatus of claim 75, wherein at least one of said first and second 

L 



links is a wireless connection. 



78. / The apparatus of claim 1, wherein said standardized interconnection 
device includes: 
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a circuit board coupled with said sensor array and having a signal routing means 
disposed thereon for selectively coupling a sensor or a group o^ensors in said sensor 
array to said electronic platform; and 

a link for connecting said circuit board to said electronic platform. 

79. The apparatus of claim 7S,v^^in said link is a multi-wire cable. 

80. The apparatus of claim 78, wherein said link is a wireless connection. 



81. The apparatus of claim 1, wherein said interconnection device comprises a 

/. 

signal routing means for s^^Svely^ a sensor or a group of sensors in said sensor 
array to said electronic pl^tforpi such t^at saj/f electronic platform sends signals to and 
receives signals from said sensor arr^y v^& sai(\signal nji*ting means. 



82. The'apparatus of claim 8 1 , wherein said electronic platform further 
comprises a matnx switch for selectively coupling said electronic test circuitry with said 
sensors in said sensor array. 




/ 



88. The apparatus of claim 8 1 , wherein said sensor array and said electronic 



platform are coupled together via a wireless communication device. 
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84. The apparatus of claim 81, wherein said electronic platform/comprises one 
electronic measurement channel and wherein signal routing means sej^cts one sensor at a 
time to connect said one sensor to said electronic measurement channel. 

85. The apparatus of claim 8 1 , wherein said electronic platform comprises two 
or more electronic channels, and wherein signal routing means selects a group of two or 
more sensors to connect to said electronic measurement channels. 

86. The apparatus of claim 1, wherein said electronic platform comprises a 
plurality of electronic channels, such that one electronic channel corresponding to each 

;^in said" si 



sensor in said sensor array, and wh 
of sensors to said electronic plfatfohifsuch that 
be analyzed simultaneously. 




gnal routing means couples said plurality 
I'afaH^of said sensors in said sensor array can 




87. The apparatus of claims 1, 2 or 3, wherein the electronic platform 
includes: 

electronic test circuitry that receives and collects data from said sensor array; and 
a computer that receives and collects data from said electronic test circuitry. 



88. / The apparatus of claim 87, wherein said electronic platform further 
comprisesya matrix switch for selectively coupling said electronic test circuitry with said 



sesya : 

sensors in said sensor array. 
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ss MaiTL 



Attorney Docket^»304-039 (SYMYX 98-23) 
Express MmTLabel No.EJ314820088US 



89. The apparatus of claim 87, wherein said sensor arrayand said electronic 
platform are coupled together via a wireless communication device. 

90. The apparatus of claim 87, wherein the computer is managed by software 
that controls data collection, data viewing, and user interface. 



91. The apparatus of claims 2 or 3 ./wherein said signal routing means 
selectively couples a sensor or a group of sensors in said sensor array to said electronic 
platform such that said electronic platform sends signals to and receives signals from said 
sensor array via said signal routing 




92. The apparatus of/claims 2 or 3, wherein said electronic platform comprises 
one electronic measurement channel and wherein $igpa\ routing mean^ selects one sensor 



at a time to connect said one sensor to said electronic mea 



Sht channel. 



93. The apparatus of claims 2 or 3, wherein said electronic platform comprises 
two or more electronic channels, and wherein signal routing means selects a group of two 
or more sensors to connect to said electronic measurement channels. 



94. / The apparatus of claim 4, wherein said signal routing means selectively 
couples a sensor or group of sensors in said sensor array to said electronic test circuitry 
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such that said electronic test circuitry send signals to and receiv^y signals from said 
sensor array via said signal routing means. 

95. The apparatus of claim 93, wherein said electronic platform further 
5 comprises a matrix switch for selectively coupling/said electronic test circuitry with said 
sensors in said sensor array. 



10 
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96. The apparatus of claim 93, wherein said sensor array and said electronic 
platform are coupled together via a wireless communication device. 



97. The apparatus 
one electronic measure 
at a time to connect said 




6, wherein said electronic platform comprises 
el and wherein signal routing means selects one sensor 
risor to said electronic measurement channel. 



98. The/apparatus of claim 4 or 6, wherein said signal routing means selects a 
group of two orymore sensors at a time for simultaneous analysis, and wherein the 
apparatus further comprises two or more electronic channels connecting each of said 



of sense 



group or sensors to said electronic test circuitry, the number of electronic channels being 
equal toihe number of sensors in said group by said signal routing means. 



20 
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99. The apparatus of claim 4 or 6, wherein said computer receives and collects 
data from said electronic test circuitry, and wherein the computer is nonaged by software 
that controls data selection, data viewing, and user interface. 



100. The apparatus of claim 5, wherein said circuit board further comprises a 
signal routing means for selectively coupling a sensor^r a group of sensors in said sensor 
array to said electronic test circuitry such that said^lectronic test circuitry sends signals 
to and receives signals from said sensor array vja said signal routing means. 



101. The apparatus of claim 1J30, further comprising a matrix switch for 

i/ , 

selectively coupling said electrprfic fast circuitry with said sensors in said sensor array. 



102. The apparatus of claim 100, 

/ 

test circuitry are coupled together via a wire 




sensor arp^y and said electronic 
device. 



/ 

103. The apparatus of claim 100, wherein said electronic platform comprises 

/ 

one electronic measurement channel and wherein signal routing means selects one sensor 

/ 

at a time to connect said one sensor to said electronic measurement channel. 



104. The apparatus of claim 100, wherein said electronic platform comprises 

ff 

two or iriore electronic channels, and wherein signal routing means selects a group of two 

/ 

or more sensors to connect to said electronic measurement channels. 
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105. The apparatus of claim 5, wherein said electronic platform comprises a 
plurality of electronic channels, such that one electronic channeKcorresponding to each 
sensor in said sensor array, and wherein said signal routin^means couples said plurality 
of sensors to said electronic platform such that all of saj4 sensors in said sensor array can 
be analyzed simultaneously. 



106. The apparatus of claim 5, wherein the computer receives and collects data 
from said sensor array, and wherein the computer includes software that controls data 
10 collection, data viewing, and user interface. 



107. The apparatu^ of/:l^}sJ^^2(4, 5 or 6, further comprising an automated 
material dispensing or deposition device ihat ^posits the 5 or/nore samples on said 



15 
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sensor array. 




108. The apparatus of claim 107, wherein said automated material dispensing 
device comprises 5 or more dispensers having an array format corresponding to the 5 or 
more sensors in said sensor array such that said automated material dispensing device can 
deposit the 5 onmore samples on the sensor array simultaneously. 



109/ The apparatus of claim 108, wherein said automated material dispensing 
device arp arranged in a format compatible with combinatorial chemistry instrumentation. 
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1 10. The apparatus of claim 107, wherein said^futomated material deposition 
device employs a method selected from the group consisting of sputtering, electron beam 
evaporation, thermal evaporation, laser ablatjdn and chemical vapor deposition. 



111. The apparatus of claim 1, 2, 3, 4, 5 or 6yfurfher comprising a chamber 



enclosing the sensor array allowing for control of 
consisting of temperature, pressure and atmosp] 





le selected from the group 



1 12. The apparatus of claim 111, wherein the variable is selected from the 

/ 

group consisting/Of ultrahigh vacuum, gaseous monomer pressure, controlled humidity 
and solvent vapors. 




